Istanbul is one of the largest cities of Turkey which is located on the regions where there is high seismic activities. Recent studies performed on mid-rise reinforced concrete (RC) structures showed that majority of the existing building stock does not conform to current seismic code requirements and they can be evaluated as vulnerable structures. The seismic performance evaluation of an existing buildings can be conducted by using nonlinear procedures stated in Turkish Earthquake Code (TEC-07). According to the code, an existing building completing its economic lifetime and/or having a performance level in between "Life Safety" to "Collapse Prevention" under the effect of Design Earthquake is defined as "building under seismic risk". Before going into such a detailed seismic evaluation procedure for each building, there is a need for regional screening surveys to rank the building stock in terms of the potential seismic hazard. This study aims to assess the seismic vulnerability of a group of midrise RC buildings located in Esenler District of İstanbul employing the Rapid Visual Screening (RVS) procedure. In this study, valuable results have been derived to rank the buildings in terms of seismic vulnerability of existing structures located in Istanbul. It is concluded that the number of stories is the key parameter to change the priority range of the building from lowest to highest level. Majority of the buildings with the highest priority level (0≤PS≤30) suffer from the parameters related with poor construction quality, soft story irregularity and the heavy overhang. The aforementioned method could be used to estimate the performance scores of the buildings to determine the priority for more detailed seismic risk assessment procedures.
Introduction
The majority of the building stock in Istanbul is under seismic risk, considering the population, the site conditions, and its distance to the North Anatolian Fault. Moreover, the most of the buildings do not comply with the current seismic code requirements. Assessment of seismic performance of a multistory reinforced concrete (RC) structure mainly requires nonlinear analysis including determination of reinforcement ratio, material properties such as concrete and reinforcement strengths through experiments, and as built dimensions of the structural system. The legal judgment about the seismic safety of the buildings requires a detailed procedure for the building owner, the structural engineer and the local authority. However, it is not practical to perform detailed assessment studies for each building in a city scale. Thus, there is a need for scheduled screening surveys at each region in Istanbul to decide for the renewal or retrofitting of the buildings which should be coordinated by the government and local authorities. Assessing the seismic risk of a building stock may be conducted by various methodologies without detailed analysis. These methods provide rapid and reliable statistical data of the existing buildings in order to develop inventories of the building stock for the earthquake disaster planning or the evaluation of regional rehabilitation needs (Sucuoglu et al. 2003; Ozcebe et al. 2003; Sozen et al. 1997; Gulkan et al. 1999; Yakut et al. 2003; FEMA P-154, 2015) .
In general, the screening methods in the literature require typical building data such as building location, age, the structural system, the number of stories, structural irregularities and the quality of the construction which could be simply observed from the street view. FEMA P-154 (2015) provides Rapid Visual Screening (RVS) of buildings to identify, and rank the buildings that are potentially seismically hazardous for building officials and inspectors, government agency and private-sector building owners named as "RVS authority". The RVS methodology is based on visual observation of the screened building from the street by completing the building information. The method needs the use, the size, the photograph and documentation of the observed structural system. Documentation consists of three main forms which correspond to the regions of low, moderate and high seismicity. Accordingly the seismic hazard scores of the surveyed buildings could be determined. The final numerical score is a main indicator which enables to assess the seismic resistance. Tischer et al. (2012) proposed a vulnerability assessment method based on rapid seismic screening of school buildings. The method is able to classify the buildings according to level of irregularities and potential pounding effect. The final score is obtained by performing the method and it includes the effects of horizontal and vertical irregularities deterioration, short column effects and the local site conditions. An alternative procedure is proposed by Sucuoglu et al. (2003) . The rapid screening procedure cannot be employed for the detailed seismic evaluation of a single existing building. The method is valid for a group of buildings to determine the regional profile in terms of seismic risk. Moreover, the number of the screened buildings should be statistically sufficient. The method requires survey parameters such as number of stories; existence of a soft story, heavy overhangs short columns and pounding between adjacent buildings. The apparent building quality, topographic effects and the local soil conditions should be determined within this surveying procedure. Performance score (PS) of the screened building is determined by the vulnerability scores (VS) based on the observed survey parameters and the base scores which vary according to the seismic zones related with peak ground velocity (PGV). The method of Sucuoglu et al. (2003) had been employed for a multiple levels of seismic vulnerability assessment for the existing building stock in Zeytinburnu District of Istanbul (Özcebe et al. 2006) . Regarding the seismicity, the population and the poor construction quality, Zeytinburnu District were chosen to be the pilot application of seismic assessment within the scope of Earthquake Masterplan for the Istanbul (Istanbul Metropolitan Municipality, 2003) . Further applications of the method of Sucuoğlu (2003) had been conducted for vulnerability assessment of the building stocks in the city of Eskisehir (Albayrak et al. 2015) and Bitlis (Işık et al. 2013) which are both located on highly active seismic zones of Turkey. The same method had also been used for the seismic vulnerability assessment of the reinforced concrete structures in Chittagong and Dhaka Cities of Bangladesh which are under a potential risk to earthquake hazard due to the seismicity and the high population (Alam et al. 2008; Sadat et al. 2010; Sarraz et al.2015) .
The main purpose of this study is to perform a rapid seismic assessment on the buildings located on a selected territory of Istanbul called Esenler. Esenler is one of the developing regions in İstanbul with a great number of urban renewal practices. The selected group of buildings is a representative dataset of the existing structures in İstanbul with poor costruction quality. The state of art assessment process includes generating an urban inventory database and regional ranking of the building stocks in terms of potential seismic hazard. This work could be evaluated as a benchmark study and could guide local authorities for the identification of regional rehabilitation needs, development of seismic hazard mitigation programs and supporting information management of the risk profile of the city. 
Rapid screening method

General properties of the surveyed region
This study aims to predict the priority for seismic vulnerability assessment of considerable number of RC buildings in Istanbul by employing the Rapid Visual Screening Procedure (RVS), (Sucuoğlu, 2006) . The selected building stock includes 160 sample adjacently located RC buildings on 6 specific parcelblocks which vary low to mid-rise moment resisting structures, Fig.1 . The rapid screening procedure can be employed for the RC buildings up to seven stories. The method which is based on walkdown street surveying, enables estimating the performance scores of the buildings to set the priority for detailed seismic evaluation among the building stock within the screened region.
Description of the method
The walkdown evaluation method allows a rapid assessment on building stocks to determine the regional earthquake risks, to allocate the priority of the regions, to plan renewal and to conduct disaster mitigation plans. The following effects should be quantified for the assessment procedure.
Number of stories:
The number of stories could be defined as the number of floors above the ground.
The apparent quality:
The apparent quality is determined as the overall appearance of the structure that is categorized in three levels such as good, moderate and poor, Fig.3 . The year of construction is not a parameter of the method. However, the apparent quality observations could be correlated by the age of the structure which indirectly affects the seismic performance.
The soft story effect:
This effect exists for the structures in which the infill walls of ground floor were removed due to the commercial purposes, Fig.2b .
Heavy overhangs:
This effect is related with the remarkable changes in the plan area of the upper stories with respect to the ground story such as balconies. This effect causes irregularities in mass and lateral rigidity of the structure. The performance score is the key indicator of the surveyed building in terms of ranking the seismic risk within the screened region and identifying the priorities for seismic rehabilitation purposes. 
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Apparent Quality Good (0) Moderate (1) Poor (2) Building seismic performance score (PS) revealing the seismic risk of the RC building is calculated in terms of the base score (BS), the vulnerability score multipliers (VSMi) and the vulnerability score (VS). Eq.(1).
The numerical values assigned to the VSM terms are tabulated in Table 1 where, the numerical values assigned to the base scores (BS) and vulnerability scores (VS) are given in Table 2 .
The BS and VS values are sensitive to the number of stories and the seismic risk zones of Zone-I, II and III. The seismic risk zones are classified according to the variation intervals of peak ground velocity (PGV) which were determined by JICA for the city of Istanbul, (JICA, 2002) . It should be noted that the total number of stories is the key parameter which affects the score values. However, the variation of vulnerability scores for the pounding, short column and topographic effects, is less sensitive to the number of stories.
A sample RC building with four storey height is given in Table 3 . The figure also explains a detailed calculation of PS assigned for a single RC building by employing the aforementioned screening method. In this study, the interpretation of the numerical results for the building inventory has been represented in terms of four PS ranges based on the previous walkdown survey studies conducted by Sucuoğlu et al. (2006) in Zeytinburnu District of Istanbul. The authors indicate there is a reliable correlation between the preliminary evaluation and the rapid visual assessment in terms of the vulnerability of the buildings. The score range of 0<PS<30 can be defined as the most vulnerable buildings necessitating the "highest priority" for detailed analysis among the dataset. However, the buildings having PS>100 still need detailed assessment with the "lowest priority". Thus, the rapid visual assessment method employed in this study is crucial for the ranking of the priority for the vulnerability assessment studies in urban scale, but does not imply the real seismic performance of the individual building. Accordingly, the priority levels vs. performance score ranges which have been used within this study are illustrated in Table 4 . 
Application of the method on the sample building stock
In this study, a surveying region has been determined from the map of Istanbul in order to assess the seismic risk of the existing RC buildings by employing the rapid visual screening procedure. The study covers a sample implementation of the procedure by visual inspections of the buildings. The surveying program is conducted on six sample parcel-blocks consisting of 160 RC buildings which are totally adjacently located. The majority of the existing building stock in this area is located adjacent to save from the land cost. The streets between successive parcel-blocks are located parallel to each other providing a regular geometric surveying field for the screeners, Fig.4 . The distribution of the buildings in percentage with 5 and 6 story heights are 36% and 23% respectively. The structural system of the building stock profile is commonly composed of moment resisting frame buildings having similar construction year. Since the buildings are located in the same region and they have similar structural system properties, evaluation of the seismic risk is independent from the soil conditions and the structural system. The base scores were identified according to the PGV values which corresponds to Zone III for the reference survey region in terms of the applied screening method. The range defined for the PGV values of Zone III has been determined as 20-40 cm/sec. regarding to the PGV distribution map (JICA, 2002) . The summary of the building survey for each parcel block on the sample region is summarized in Table 5 . According to the surveying study, almost 90% of the buildings have poor and/or moderate construction quality. On the other hand, the pounding effects appear as 76% within the selected building stock, where nearly 70% of the building stock has no short column effect. The majority of the buildings suffer from the heavy over hang effects, where most of the buildings have no soft storey effect. The distribution of buildings in percentages is given in Fig. 5 in terms of storey numbers and performance scores.
The performance score of each building is predominantly affected by the height of the building. It is clearly seen from Fig.5 that, the buildings having 2-storey, 3-storey and 4-storey heights are almost the 21% of selected building stock with the range of PS>100. However, the group of buildings having 5 to 6 storey heights consists of 18% and 12% of the building stock respectively with the range of 30<PS≤60. Moreover, 9% of the building stock with 6 storey height falls into range of 0<PS≤30. It should be noted that as the buildings get higher, the PS values considerably decreases. The low to mid-rise buildings fall into safer range of PS>100. Thus, the priority ordering for detailed assessment should start with the higher risk group of buildings with the relatively lower PS range (0<PS≤30). The seismic risk assessment method described above is employed to the selected building stock and the obtained performance scores as given in histogram format in Fig.6 . The histogram which is given in Fig. 6 shows the distribution of the building dataset with respect to performance scores obtained from the surveying. The mean value of the performance scores for the building stock has been calculated as 71.55 with a standard deviation of 31.94. Since the standard deviation value for the dataset is 32, the general profile of the building stock could be represented by the range of 60<PS≤100 which corresponds to the moderate priority level. The number of the buildings which fall into the range of PS>100 is greater than the number of the buildings fall into the range of 30<PS≤60. The distribution clearly shows that 10% of the surveyed buildings have performance scores lower than 30 (0PS30), which means these buildings have the highest priority for detailed intervention and seismic assessment. The results of the building survey are also discussed in terms of vulnerability parameters which affect the overall building performance score, Table 6 . The most significant observation on the dataset is that the 100% of buildings with the highest priority level (0≤PS≤30) suffer from the poor construction quality, soft story irregularity and the heavy overhang parameter. Since, the performance score calculation is highly sensitive to these three parameters, the most vulnerable buildings with potential seismic hazard corresponding to the highest priority range can be clearly identified by the visual assessment method. However, only 6% of the building stock is triggered with the topographic effect in the same range of priority.
The effect of pounding appears in 60-80% of the stock in any range of priority. On the other hand, the effect of soft story decreases by the decrease of the priority range. Hence, the existence of soft story effect is 60% which fall into the secondary priority range (30<PS≤60) where 15% of the buildings within the lowest priority level (PS>100) suffer from soft storey effects. The existence of vulnerability effects on the performance scores are given in Fig. 7 . This figure yields the graphical representation for the distribution of buildings according to the existence of the vulnerability parameter for each PS range. The number of buildings with topographic effect is almost negligible whereas heavy overhang is a common characteristic for all of the buildings at each priority level. 
Conclusions
Istanbul is geographically located nearby the North Anatolian Fault in the Marmara Region of Turkey. The city is highly vulnerable to seismic hazard due the population, the poor construction quality of the existing buildings and the local soil conditions. Previous studies conducted by the government and the local authorities reveal that majority of the existing building stock does not comply with the requirements of the current seismic code. Hence, there is a need for the vulnerability assessment of the building stock in urban scale. Since the preliminary assessment and detailed evaluation of each building requires rigorous engineering work and time, a well-planned prioritization for seismic vulnerability assessment over the megacity should be conducted by the research teams, the government and the local authorities. In this study a rapid seismic assessment method has been employed on the buildings located on a selected territory of Istanbul. The method is easy to apply and could generate important information about the seismic vulnerability of the buildings on the selected area especially for the local authorities. Following conclusions could be driven by performing seismic assessment method;
1. Among the surveyed region nearly 90% of the buildings have poor and/or moderate construction quality. The pounding effects could be faced at 76% of the selected buildings. On the other hand nearly 70% of the building stock does not suffer from the short column effect. 2. The global situation of the building stock could be represented by the moderate priority level of 60<PS≤100. Only 10% of the building stocks fall into the highest priority level. 3. The buildings with 2, 3 and 4-storey heights are almost the 21% of selected building stock with the PS range of PS>100, where the buildings having 5 to 6 storey heights stands within the PS range of 30<PS≤60. The PS values decreases as the buildings gets higher.
4. The ratio of buildings with the highest priority level (0≤PS≤30) suffers from the poor construction quality, soft story irregularity and the heavy overhang parameter. However, the topographic effect is the least efficient parameter which falls in the same range of priority.
5. Pounding effect is the most frequent parameter which appears in 60-80% of the building stock. The effect of soft story decreases by the decrease of the priority range. The number of buildings with topographic effect is almost negligible whereas heavy overhang is a common characteristic for all of the buildings at any priority level.
6. The selected building stock located in Esenler could represent typical vulnerable structures in İstanbul which were not newly constructed. Thus, the conclusions derived from this study is curical to have a good approximation about the global conditions of the mid-rise reinforced concrete structures of İstanbul. 7. The current study which is a field application of one of the fast seismic assesment methods could be applied to larger areas where there are mid-rise reinforced concrete structures. The method could be applied to predict a global seismic risk in city or in region scale. Performing of this method could be a good preparation for more detailed seismic risk assesment studies in future. 
References
